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SUBJECTIVE ASSESSMENT OF SIMULATED HELICOPTER BLADE-SLAP NOISE 
Ben W i l l i a m  Lawton 
Langley Research Cen te r  
SUMMARY 
A s t u d y  was conducted t o  examine t h e  effects  o f  s e v e r a l  character is t ics  o f  
h e l i c o p t e r  b lade  s l a p  upon human annoyance. Blade-s lap  n o i s e  was s imula t ed  by 
us ing  cont inuous  and impuls ive  n o i s e s  characterized by f i v e  parameters :  The 
number o f  s i n e  waves i n  a s i n g l e  impulse;  t h e  f requency  o f  t h e  s i n e  waves; t h e  
impulse r e p e t i t i o n  f requency;  t he  sound p r e s s u r e  l e v e l  ( S P L )  o f  t h e  con t inuous  
no i se ;  and the  i d e a l i z e d  crest  f a c t o r  o f  t h e  impulses .  Ten-second samples  of 
n o i s e  were s y n t h e s i z e d  w i t h  each of t h e  f i v e  pa rame te r s  a t  r e p r e s e n t a t i v e  l e v e l s .  
The annoyance of each  n o i s e  was judged by 40 human s u b j e c t s .  
Ana lys i s  of t h e  s u b j e c t i v e  data i n d i c a t e d  t h a t  each o f  t h e  f i v e  parameters  
had a s t a t i s t i c a l l y  s i g n i f i c a n t  e f fec t  upon t h e  annoyance judgments.  The impulse 
crest  f a c t o r  and SPL o f  t h e  cont inuous  n o i s e  had ve ry  s t r o n g  p o s i t i v e  r e l a t i o n ­
s h i p s  w i t h  annoyance. The o t h e r  pa rame te r s  had smaller, b u t  s t i l l  s i g n i f i c a n t ,  
effects  upon t h e  annoyance judgments.  
INTRODUCTION 
Human r e a c t i o n  t o  conven t iona l  take-of f  and l a n d i n g  a i rcraf t  may be  quan t i ­
f i e d  or p r e d i c t e d  f a i r l y  w e l l  by u s i n g  a v a r i e t y  o f  n o i s e - r a t i n g  scales. These 
r a t i n g  schemes are commonly based upon A-weighted sound p r e s s u r e  l e v e l  or per­
ce ived  n o i s e  l e v e l .  However, these  scales do n o t  p r e d i c t  o r  q u a n t i f y  so  w e l l  
t he  human re sponse  t o  h e l i c o p t e r  n o i s e .  Such n o i s e s ,  which can range  from puls ­
i n g  t o  impu l s ive ,  are d i f f e r e n t  i n  character from t h e  con t inuous  n o i s e  o f  conven­
t i o n a l  a i r c ra f t .  
S u b j e c t i v e l y ,  h e l i c o p t e r  n o i s e  i s  e a s i l y  recognized  as such  because o f  i t s  
impuls ive  n a t u r e .  T h i s  impu l s iveness  v a r i e s  between a i r c ra f t  and f l i g h t  condi­
t i o n ,  r ang ing  from marg ina l ly  p e r c e p t i b l e  modulat ion t o  s e v e r e  r e p e t i t i v e  bangs,  
called b lade  s l a p .  When b l a d e  s l a p  o c c u r s ,  t h e  h e l i c o p t e r  n o i s e  i s  markedly d i f ­
f e r e n t  from c o n v e n t i o n a l  a i rc raf t ;  b lade  s l a p  i s  t h e  most e a s i l y  detectable and 
most annoying n o i s e  t h a t  a h e l i c o p t e r  can make ( r e f s .  1 t o  3 ) .  
The common a i rcraf t  n o i s e - r a t i n g  scales g e n e r a l l y  unde res t ima te  human reac­
t i o n  t o  impu l s ive  h e l i c o p t e r  n o i s e ,  p a r t i c u l a r l y  b l a d e  s l a p ;  t h a t  i s ,  such  n o i s e s  
are s u b j e c t i v e l y  l o u d e r  o r  more annoying t h a n  t h e  n o i s e  scales i n d i c a t e  ( refs .  2 
t o  8). T h i s  unde res t ima t ion  d i sc repancy  has  been w e l l  documented, and i t  is  gen­
e r a l l y  agreed t h a t  t h e  d i sc repancy  i s  caused by some f a c t o r  t h a t  has  t o  do w i t h  
t h e  impu l s iveness  o f  h e l i c o p t e r  n o i s e .  A s  a s o l u t i o n  t o  t h i s  problem, some 
researchers have sugges t ed  modifying t h e  accep ted  n o i s e - r a t i n g  scales o r  u s i n g  
an impulse n o i s e  c o r r e c t i o n  t o  account  f o r  t h e  added s u b j e c t i y e  r e a c t i o n  t o  h e l i ­
c o p t e r  blade s l a p .  
When a h e l i c o p t e r  e x h i b i t s  b l ade  s l a p ,  a p res su re - t ime  trace o f  t h e  acous­
t i c  s i g n a l  shows a series o f  r e l a t i v e l y  s h o r t  d u r a t i o n  a c o u s t i c  e v e n t s  w i t h . h i g h  
ampl i tude .  Each o f  these a c o u s t i c  e v e n t s ,  which s t a n d s  o u t  from t h e  h e l i c o p t e r  
con t inuous  n o i s e ,  i s  r e p e a t e d  a t  a v e r y  low f r equency ,  u s u a l l y  between 8 and 20 
Hz. C e r t a i n  c h a r a c t e r i s t i c s  o f  b lade  s l a p s  and o t h e r  impu l s ive  n o i s e s  have 
a t t r a c t e d  t h e  i n t e r e s t  of n o i s e  researchers, namely: 
( 1 )  Impulse rise time 
(2) Peak ampl i tude  and crest f a c t o r  
(3) Durat ion  o f  impulse 
(4) Harmonic o r  narrow-band spectral  
(5)  Impulse r e p e t i t i o n  f requency  
n a l y s i s  o f  t h  impulses  
G e n e r a l l y ,  t h e s e  f a c t o r s  are known t o  i n f l u e n c e  human r e a c t i o n  t o  h e l i c o p t e r  
blade s l a p .  However, i n fo rma t ion  r e l a t i n g  t h e s e  i n d i v i d u a l  f a c t o r s  t o  annoyance 
or d i s t u r b a n c e  is  ske tchy  or scarce. I n  most cases, o n l y  one v a r i a b l e  has been 
examined, ho ld ing  any o t h e r  v a r i a b l e s  a t  t y p i c a l  or a r b i t r a r y  v a l u e s .  
I n  sonic-boom research ( r e f .  91, r i se  time o f  t h e  impulse  was examined. 
The r e f e r e n c e  s ta tes  t h a t  f o r  s i n g l e  s o n i c  booms, as t h e  r ise  time, or time for 
t h e  impulse  t o  reach i ts  maximum v a l u e ,  i n c r e a s e s ,  t h e  loudness  and annoyance 
d e c r e a s e .  For r e p e a t e d  impulses  s i m u l a t i n g  h e l i c o p t e r  blade s l a p ,  t h i s  f i n d i n g  
was d u p 1 i c a t e d . h  a n o t h e r  s t u d y  ( r e f .  3 ) .  I n  r e f e r e n c e  3 ,  d e c r e a s i n g  r ise time 
made r e p e a t i n g  impulse n o i s e  more annoying when compared t o  a one - th i rd  oc t ave  
band of n o i s e  c e n t e r e d  a t  1 kHz. 
Sonic-boom r e s e a r c h  has a l s o  dealt  w i t h  t h e  d u r a t i o n  o f  impulses  and annoy­
ance  effects ( r e f .  9 ) .  For impulse  d u r a t i o n s  on t h e  o r d e r  o f  hundreds o f  m i l l i ­
seconds (much longe r  than  f o r  h e l i c o p t e r  b lade  s l a p ) ,  d u r a t i o n  o f  t h e  s i n g l e  
impulse had no e f f e c t  on loudness  or annoyance. For impulses  w i t h i n  t h e  range  
o f  normal b l ade - s l ap  impulses  ( ref .  71, i t  was found t h a t ,  when t h e  d u r a t i o n  
exceeded 3 msec, l oudness  was independent  o f  d u r a t i o n  f o r  repeated impulses .  
Perhaps t h e  most s t r i k i n g  a t t r i b u t e  of h e l i c o p t e r  n o i s e  i s  t h e  s t r e n g t h  o f  
t h e  impulse i n  r e l a t i o n  t o  t h e  broadband h e l i c o p t e r  n o i s e .  T h i s  r e l a t i o n s h i p  
is  q u a n t i f i e d  by crest  f a c t o r ,  expressed  i n  terms o f  dB. I n  a r e l a t i v e l y  e a r l y  
experiment  t o  e s t a b l i s h  some measure o f  t h e  d i s t u r b a n c e  v a l u e  o f  rhythmic ,  ampl i ­
tude  modulated n o i s e  as might be gene ra t ed  by h e l i c o p t e r  r o t o r s  ( re f .  l o ) ,  it was 
found t h a t  t h e  s u b j e c t i v e  assessment  o f  such  n o i s e  depends upon i ts  peak, rather 
than  r o o t  mean s q u a r e ,  sound p r e s s u r e  l e v e l .  More r e c e n t  exper iments  ( refs .  6 
and 1 1 )  have r e s u l t e d  i n  t h e  c l a s s i f i c a t i o n  o f  b l a d e - s l a p  s e v e r i t y  i n  terms of 
crest  f a c t o r .  The r e f e r e n c e s  sugges t  t h a t  a b lade-s lap  p e n a l t y  should  be added 
t o  t h e  measurement o f  h e l i c o p t e r  n o i s e  and should  be a p p l i e d  when t h e  b lade-s lap  
crest f a c t o r  exceeds some t h r e s h o l d  va lue .  The p r o p o s a l s  f o r  b l ade - s l ap  p e n a l t y  
s p e c i f y  t h a t  once t h e  c r e s t - f a c t o r  t h r e s h o l d  has been exceeded,  t h e  p e n a l t y  sha l l  
be d i r e c t l y  p r o p o r t i o n a l  t o  t h e  i n c r e a s i n g  b l ade - s l ap  crest f a c t o r .  For s e v e r e  
b lade  s l a p ,  w i t h  crest  f a c t o r  approximate ly  20 dB, r e f e r e n c e s  6 and 1 1 ,  respec­
t i v e l y ,  propose i m p u l s e  c o r r e c t i o n s  or p e n a l t i e s  o f  12 and 6 dB, A-weighted. 
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Such a wide d i sc repancy  may i n d i c a t e  t h a t ,  a l t hough  an  o b j e c t i v e  measure o f  
impu l s iveness  is  u s e f u l  i n  d i s t i n g u i s h i n g  between h e l i c o p t e r  n o i s e s ,  any blade-
s l a p  pena l ty  may have t o  i n c l u d e  i n t e r a c t i o n s  between b lade-s lap  charac te r i s t ics  
( r e f .  11) .  
Most i n v e s t i g a t i o n s  o f  t h e  s u b j e c t i v e  e f fec ts  o f  b lade  s l a p ,  e i ther  real  o r  
s imula t ed ,  have been conf ined  t o  t e s t i n g  on ly  one o u t  o f  t h e  many p o s s i b l e  
charac te r i s t ics .  
The s t u d y  desc r ibed  i n  t h i s  paper  was conducted t o  examine t h e  s u b j e c t i v e  
effects  o f  s e v e r a l  r e p e a t e d  impulse n o i s e  charac te r i s t ics .  F ive  v a r i a b l e s  were 
chosen t o  c h a r a c t e r i z e  h e l i c o p t e r  b l a d e  s l a p ,  and these charac te r i s t ics  o r  param­
eters were v a r i e d  s imul t aneous ly .  I n  t h i s  manner, i t  was p o s s i b l e  t o  de te rmine  
which o f  t h e  f i v e  impu l s ive  n o i s e  parameters  made s i g n i f i c a n t  c o n t r i b u t i o n s  t o  
t he  s u b j e c t i v e  annoyance o f  each n o i s e .  Human s u b j e c t s  l i s t e n e d  t o  s h o r t  b u r s t s  
o f  s imula ted  h e l i c o p t e r  b l ade - s l ap  n o i s e  and rated t h e  annoyance o r  d i s t u r b a n c e  
o f  each n o i s e .  It was a l s o  p o s s i b l e  t o  compare t h e  s u b j e c t i v e  r a t i n g s  and t h e  
o b j e c t i v e  r a t i n g  scale  measurements o f  each n o i s e  s o  a s  t o  assess how w e l l  t h e  
v a r i o u s  n o i s e - r a t i n g  scales q u a n t i f y  human re sponse  t o  impuls ive  n o i s e .  
EXPERIMENTAL D E S I G N  
The purpose o f  t h i s  s t u d y  was t o  de te rmine  which components o f  impuls ive  
n o i s e  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  n o i s e  annoyance o r  d i s t u r b a n c e .  T h i s  
d e t e r m i n a t i o n  was done by s y n t h e s i z i n g  impuls ive  n o i s e s ,  i n c o r p o r a t i n g  h e l i c o p t e r  
b l a d e - s l a p  cha rac t e r i s t i c s ,  and having  human s u b j e c t s  ra te  t h e  annoyance caused 
by each n o i s e .  
F ive  parameters  were chosen t o  c h a r a c t e r i z e  h e l i c o p t e r  b l a d e  s l a p  and o t h e r  
r e p e t i t i v e  impuls ive  n o i s e s .  I n  o r d e r  t h a t  these charac te r i s t ics  be  tested i n  a 
s y s t e m a t i c  manner, a l l  o t h e r  p o s s i b l e  s o u r c e s  o f  v a r i a t i o n  were h e l d  c o n s t a n t .  
The fo l lowing  pa rame te r s  were chosen t o  c h a r a c t e r i z e  impuls ive  n o i s e s  c o n s i s t i n g  
o f  a series o f  r e p e a t e d  impulses  superimposed upon a con t inuous  no i se :  
( 1 )  The number o f  p r e s s u r e  excur s ions  making one complete  impulse ,  i d e a l l y  
t h e  number o f  s i n e  waves i n  a s i n g l e  impulse  
( 2 )  The f requency  o f  t h e  s i n e  waves used t o  s y n t h e s i z e  t h e  i n d i v i d u a l  
i m  p u l  ses 
( 3 )  The r e p e t i t i o n  f requency  o f  t h e  impulses  
( 4 )  The sound p r e s s u r e  l e v e l  o f  t h e  con t inuous  n o i s e  used t o  s i m u l a t e  h e l i ­
c o p t e r  broadband n o i s e  
( 5 )  The r a t i o  o f  impulse  peak t o  broadband n o i s e  sound p r e s s u r e  l e v e l s  
A f a c t o r i a l  expe r imen ta l  des ign  was chosen t o  test t h e  effects  o f  t h e  f i v e  
parameters  l i s t e d .  T h i s  expe r imen ta l  method r e q u i r e s  t h a t  a low and h igh  numer­
i c a l  va lue  be a s s igned  t o  each parameter .  These v a l u e s ,  p re sen ted  i n  t ab le  I ,  
were chosen t o  bracket t h e  parameter  r anges  found i n  h e l i c o p t e r  blade s l a p .  
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Thus, a 25 factorial design was made that requires 32 noises to be judged or 
rated. Four samples of the nonimpulsive, broadband noise were added to the 
experimental design at various sound pressure levels. 
The 32 impulsive and 4 nonimpulsive noises made a total of 36 to be ran­
domly ordered for presentation to the subjects. The order of noises was plan­
ned to be in four groups of nine, with the restriction that one nonimpulsive 
test condition should occur within each of the four noise groups. Table I1 
presents the ordering of the 36 test conditions o r  noises into the four groups, 
which were used to randomize further the noise presentation order. 

It was planned that human subjects listen to and give ratings for each of the 
test conditions or  noises. So that the order of presentation should have minimum 
systematic bias on the subjective data, the four noise groups were specially 
ordered or  counterbalanced. This counterbalance was done by constructing a simple
4 x 4 Latin square for the various noise groups to make four presentation orders, 
as shown in table 111. The conditions of presentation with replication imposed 
other restrictions; table IV shows the arrangement of subjects, sex, and tape 
order for each subject. 
EXPERIMENTAL EQUIPMENT AND PROCEDURES 

Stimuli 

Human subjects were to judge short bursts of repetitive impulsive noise. 

In order to have suitable control of the stimuli to be judged, the impulsive and 

continuous portions of the stimuli were synthesized and recorded simultaneously 

on separate channels of a stereo tape recorder. Thus, each portion of the noise 

stimuli could be controlled so as to produce the desired waveforms as specified 
in table 11. Owing to the frequency response and transient signal characteris­
tics of the loudspeakers to be used and the reflection characteristics of the 
test room, each input signal had to be specially tailored to produce the desired 
waveform at a position to be occupied by the subject's head. 
The tape-recorded noise stimuli were synthesized and reproduced by means 
of the electronic systems shown diagrammatically in figure 1. Special care was 
taken to reproduce the impulsive noises. For this portion of the stimuli, a 
large, low-frequency cone woofer was used. The speaker box was packed with 
fiberglass so as to provide maximum acoustic damping. By using this specially 
modified loudspezker, it w a s  possible to reproduce reasonably the waveforms 
called for in the experimental design. 
The stimuli heard by the subjects were a constant level burst of noise 
lasting 10 sec. In order to avoid pedestal o r  startle effects, each noise 
stimulus had a 0.5-sec onramp and offramp. Each stimulus was followed by a 
9-sec period of silence, during which the subject was to record the rating for 
the stimulus before hearing the next noise. This presentation method is illus­

trated in figure 2, which is a sketch of the pressure-time history of several4 

noise stimuli. 

The n o i s e s  t o  be heard by t h e  s u b j e c t s  were monitored by u s i n g  a microphone 
a t  a p o s i t i o n  t o  be  occupied by t h e  s u b j e c t ' s  head .  The a c o u s t i c  s i g n a l  was 
examined i n  s e v e r a l  ways, a l l  o f  which are con ta ined  i n  appendix A .  For each o f  
t h e  36 tes t  n o i s e s ,  a p re s su re - t ime-h i s to ry  sample i s  g iven  a long  w i t h  t h e  one-
t h i r d  octave-band a n a l y s i s .  The t es t  n o i s e s  were a l s o  s u b j e c t e d  t o  narrow-band 
a n a l y s i s  t o  de te rmine  t h e  harmonic s t r u c t u r e  o f  each. R e p r e s e n t a t i v e  narrow-band 
a n a l y s e s  are a l s o  p re sen ted  i n  appendix A .  
Exper imenta l  F a c i l i t y  
The t e s t  n o i s e s  were p resen ted  t o  t h e  s u b j e c t s  i n  a large aud i to r ium- l ike  
room, having a volume of approximate ly  340 m3.  T h i s  chamber i s  a r e l a t i v e l y  
r e v e r b e r a n t  room, w i t h  a r e v e r b e r a t i o n  time o f  approximate ly  0.5 sec a t  1 kHz. 
Owing t o  t h e  r e f l e c t i o n  and r e v e r b e r a t i o n  charac te r i s t ics  o f  t h e  test  chamber, 
it was necessa ry  t o  take  s p e c i a l  p r e c a u t i o n s  t h a t  t h e  s u b j e c t s  r e c e i v e  t h e  
d e s i r e d  s t i m u l u s  waveforms. The impulse and con t inuous  n o i s e  s p e a k e r s  were 
placed a g a i n s t  t h e  f r o n t  w a l l  o f  t h e  room, as shown i n  t he  photograph' o f  f i g ­
u r e  3. The s u b j e c t ' s  cha i r  was p o s i t i o n e d  as shown i n  t h e  photograph,  w i th  t h e  
s u b j e c t ' s  head approximate ly  1 m from and on t h e  a x i s  o f  t h e  i m p u l s e  woofer .  I n  
o r d e r . t o  s h i e l d  t h e  s u b j e c t  from u n d e s i r a b l s  room r e f l e c t i o n s ,  t h e  cha i r  was su r ­
rounded by an arrangement  o f  f r e e - s t a n d i n g  sound-absorbing p a n e l s ,  which can  be 
seen  i n  t h e  photograph.  
S u b j e c t s  
F o r t y  human s u b j e c t s  were h i r e d  t o  l i s t e n  t o  and r a t e  t h e  t e s b  n o i s e s .  
Before p a r t i c i p a t i n g  i n  t h e  exper iment ,  each s u b j e c t  was screened  t o  meet mini­
m u m  a u d i o l o g i c a l  s t a n d a r d s ,  20-dB h e a r i n g  l e v e l .  T h e  numbers o f  t es t  subjects  
were e q u a l l y  d iv ided  between t h e  two s e x e s .  The 20 male s u b j e c t s ,  r ang ing  i n  
age from 19 t o  47 y r  w i t h  median 27.5 y r ,  were s t u d e n t s ,  p r o f e s s i o n a l s ,  and 
businessmen. The 20 female s u b j e c t s ,  r ang ing  i n  age from 19 t o  63 yr w i t h  median 
34.5 y r ,  were housewives,  s t u d e n t s ,  and businesswomen. 
T e s t i n g  Procedure 
Before  r e p o r t i n g  t o  t h e  l a b o r a t o r y  t o  p a r t i c i p a t e  i n  t h i s  s t u d y ,  a l l  sub­
jects  were screened  f o r  medical and a u d i o l o g i c a l  c o n t r a i n d i c a t i o n s  and ques t ioned  
t o  o b t a i n  minimal demographic data .  Two s u b j e c t s  p a r t i c i p a t e d  i n  each t e s t i n g  
s e s s i o n ,  which las ted approximate ly  2 h r .  Upon a r r i v i n g  f o r  t e s t i n g ,  bo th  sub­
jec ts  were asked  t o  read t h e  i n s t r u c t i o n s  (see appendix B )  so t h a t  t h e y  could  
g ive  t h e i r  informed consen t  t o  p a r t i c i p a t e  i n  t h e  exper iment .  Each s u b j e c t  was 
then  g iven  t h e  v o l u n t a r y  consen t  form (see appendix B )  t o  read, da te ,  and s i g n .  
Following t h e s e  p r e l i m i n a r i e s ,  t h e  i n s t r u c t i o n s  were read a loud  t o  t h e  s u b j e c t s  
as they  read a long  t o  themselves  s i l e n t l y ;  a l s o  t h e  s u b j e c t s  were in t roduced  t o  
t h e  r a t i n g  sheet  (see appendix B ) ,  which t h e y  would use  t o  r eco rd  t h e i r  annov-?ce  
r a t i n g s  f o r  each n o i s e .  
The s u b j e c t s  were tested i n d i v i d u a l l y ;  one s u b j e c t  l i s t e n e d  t o  and r a t ed  
t h e  36 t e s t  n o i s e s ,  w h i l e  t h e  o t h e r  remained i n  t h e  b r i e f i n g  lounge .  The first 
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s u b j e c t  was t aken  i n t o  t h e  test chamber and seated i n  t h e  subject’s cha i r .  A t  
t h i s  time, t h e  s a f e t y  equipment and p rocedures  were exp la ined  t o  t h e  s u b j e c t ,  
a f te r  which the  exper imenter  l e f t  t h e  t e s t  room and t h e  test was begun. 
The first s u b j e c t  t h e n  heard a sample o f  t h r e e  t e s t  n o i s e s  so  t h a t  t h e  
n o i s e s  and r a t i n g  procedure  would be famil iar .  If t h e  s u b j e c t  had no q u e s t i o n s  
a f te r  l i s t e n i n g  t o  the  f a m i l i a r i z a t i o n  sample,  t h e  main body o f - t h e  experiment  
was begun. The fou r  counterba lanced  n o i s e  groups  were played f o r  t h e  s u b j e c t ,  
who had f o u r  r a t i n g  sheets f o r  t h i s  first t u r n  a t  t e s t i n g .  
When the  first s u b j e c t  had heard and rated t h e  annoyance o f  t h e  36 t es t  
n o i s e s ,  he  r e t u r n e d  t o  t h e  b r i e f i n g  room w h i l e  t h e  second s u b j e c t  went i n t o  t h e  
t es t  chamber and fol lowed a similar procedure .  For  each s u b j e c t ’ s  second t u r n  
of r a t i n g  t h e  n o i s e s ,  t h e  f a m i l i a r i z a t i o n  sample  n o i s e s  were no t  p re sen ted .  I n  
a l l ,  t h e  two s u b j e c t s  f o r  a p a r t i c u l a r  s e s s i o n  would each l i s t e n  t o  and judge 
t h e  tes t  n o i s e s  twice, and each have two p e r i o d s  i n  t h e  lounge ,  t a k i n g  t u r n s  as 
a p p r o p r i a t e .  
An e n t i r e  t es t  s e s s i o n  would l as t  approximate ly  2 h r .  T h i s  pe r iod  inc luded  
p r e t e s t  b r i e f i n g  and i n s t r u c t i o n s ,  t a k i n g  t u r n s  judging  t h e  n o i s e s ,  and a br ief  
rest break a f t e r  each s u b j e c t  had t aken  h i s  first t u r n .  When t h e  s u b j e c t s  had 
completed t h e i r  a s s igned  p o r t i o n  o f  t h e  expe r imen ta l  d e s i g n ,  t h e y  were d i s m i s s e d  
and g iven  p o s t - t e s t  audiograms.  
I n  a l l ,  40 s u b j e c t s  pa r t i c ipa t ed  i n  t h e  exper iment .  Tes t ing  s e s s i o n s  were 
h e l d  i n  t h e  morning and a f t e r n o o n ,  w i t h  two s u b j e c t s  f o r  each of  20 s e s s i o n s ,  
w i t h  s e x ,  tape o r d e r s ,  and so  f o r t h  be ing  counterba lanced  as shown i n  t a b l e  I V .  
DATA ANALYSIS AND RESULTS 
F o r t y  s u b j e c t s  p a r t i c i p a t e d  I n  t h i s  s t u d y ,  each l i s t e n i n g  t o  and judging  t h e  
annoyance of 36 n o i s e s .  T h u s ,  i n c l u d i n g  repeat judgments ,  t he re  were 80 judgments 
f o r  each o f  t h e  36 n o i s e s ,  both impuls ive  and con t inuous .  I n  a l l ,  there  were 2560 
judgments f o r  t h e  impu l s ive  n o i s e s ,  w i t h  an  a d d i t i o n a l  320 f o r  t h e  nonimpulsive 
cont inuous  n o i s e s .  
Ana lys i s  o f  Var iance  
The 2560 annoyance judgments made on t h e  impuls ive  n o i s e s  were analyzed by 
us ing  an ana lys i s -o f -va r i ance  procedure .  T h i s  a n a l y s i s  was done t o  de te rmine  
which parameters o f  t h e  experiment  had any s i g n i f i c a n t  effect  upon t h e  annoyance 
jqdgments made by t h e  s u b j e c t s .  
The parameters, o r  s o u r c e s  o f  v a r i a t i o n  i n  t h e  judgments ,  examined f a l l  i n t o  
two g e n e r a l  c lasses .  F i r s t ,  t h e  c o n d i t i o n s  were examined which s p e c i f y  t h e  tes t  
n o i s e s ,  t h a t  i s ,  t h e  f i v e  parameters  used i n  s y n t h e s i z i n g  t h e  impuls ive  n o i s e .  
Also inc luded  are a l l  combina t ions  o r  i n t e r a c t i o n s  o f  n o i s e  parameters ,  which 
might  produce s y s t e m a t i c  changes i n  t h e  annoyance r e sponses .  . The second main 
class o f  parameters  o r  s o u r c e s  are concerned w i t h  t h e  s u b j e c t s .  Here, t h e  ana l ­
y s i s  examined changes i n  annoyance response  due t o  t h e  i n d i v i d u a l  s u b j e c t s  and 
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t h e i r  r e p e a t a b i l i t y .  The r e s u l t s  o f  t h e  a n a l y s i s  o f  v a r i a n c e  are p resen ted  i n  
table V .  I n  t h i s  t a b l e ,  t h e  s o u r c e s  o f  v a r i a t i o n  are l i s t e d  and t h e  two hypoth­
eses f o r  each source  are t e s t e d .  The n u l l  h y p o t h e s i s ,  t h a t  any p a r t i c u l a r  sou rce  
produced no change i n  t h e  annoyance r e s p o n s e s ,  i s  in t ended  t o  be rejected i f  pos­
s i b l e .  R e j e c t i o n  of t h i s  n u l l  h y p o t h e s i s  l e a v e s  t h e  a l t e r n a t e  h y p o t h e s i s  remain­
ing ,  t h a t  t h e  n e t  e f f e c t  f o r  a source  w a s  n o t  e q u a l  t o  z e r o .  O f  t h e  v a r i a b l e s  
l i s t e d  i n  t h e  t a b l e ,  r e j e c t i o n  of t h e  n u l l  h y p o t h e s i s  a t  t h e  0.01 s i g n i f i c a n c e  
l e v e l  i s  i n d i c a t e d  by an a s t e r i s k  ( * I ;  t h a t  i s ,  t h e  s o u r c e s  o f  p o s s i b l e  v a r i a t i o n  
were shown t o  produce changes i n  t h e  annoyance r e s p o n s e s  g iven  by t h e  s u b j e c t s .  
A l l  o t h e r  v a r i a b l e s  were shown t o  produce no effects s t a t i s t i c a l l y  d i s t i n g u i s h ­
able from chance r e sponse  v a r i a t i o n s  ( f a i l u r e  t o  re ject  t h e  n u l l  h y p o t h e s i s ) .  
Reference t o  t h e  a n a l y s i s  o f  v a r i a n c e  i n  t ab le  V i n d i c a t e s  t h a t  each  o f @ t h e  
main s o u r c e s  of v a r i a t i o n  ( t h e  f i v e  pa rame te r s  used i n  s y n t h e s i z i n g  t h e  test 
n o i s e s )  shows F-values  which g r e a t l y  exceed t h e  c r i t i c a l  F-value of 6.63. Thus, 
each o f  t h e  s y n t h e s i z i n g  pa rame te r s  had a s t a t i s t i c a l l y  v e r y  s t r o n g  e f f e c t  upon 
t h e  annoyance r e s p o n s e s  t o  t h e  n o i s e s .  A more s e v e r e  tes t  o f  o n l y  t h e  f i v e  main 
s o u r c e s  i s  p resen ted  i n  t ab le  V I .  T h i s  s imple  five-way c l a s s i f i c a t i o n  minimizes  
t h e  p o s s i b i l i t y  o f  r e j e c t i o n  o f  each  n u l l  h y p o t h e s i s ,  t h a t  each s o u r c e  had no 
effect  upon the  annoyance judgments. As i n  t h e  more d e t a i l e d  a n a l y s i s  o f  v a r i ­
ance ,  each source  was found t o  be s i g n i f i c a n t  a t  t he  0.01 l e v e l .  
S i n c e  each o f  t h e  s o u r c e s  or parameters i s  found t o  be s i g n i f i c a n t ,  i t  i s  
now n e c e s s a r y  t o  de te rmine  i n  which d i r e c t i o n  t h e  parameters i n f l u e n c e  t h e  annoy­
ance r e sponses .  F igu re  4 i l l u s t r a t e s  t h e  e f f e c t  o f  each  o f  t h e  f i v e  pa rame te r s .  
I n  t he  f i g u r e ,  t h e  v e r t i c a l  a x i s  i s  mean annoyance r a t i n g  over  a l l  s u b j e c t s ,  and 
on the  h o r i z o n t a l  a x i s  is  shown t h e  v a l u e  chosen t o  q u a n t i f y  t h e  parameter .  The 
bars o f  each p a r t  o f  t h e  f i g u r e  r e p r e s e n t  h a l f  o f  t h e  impu l s ive  n o i s e s ,  t h a t  i s ,  
n o i s e s  c h a r a c t e r i z e d  by t h e  h igh  and low v a l u e s  a s s i g n e d  t o  t h e  parameter. For 
each o f  t h e  f i v e  parameters, t h e  h igh  v a l u e  ( f o r  example, 20-Hz impulse  r e p e t i ­
t i o n  f requency  i n  c o n t r a s t  t o  8 Hz) produced h ighe r  mean annoyance r e sponse .  
A comparison between t h e  p a r t s  of t h e  f i g u r e  shows t h a t  l e v e l  o f  t h e  con t inuous  
n o i s e  and i d e a l i z e d  crest f a c t o r  have a ve ry  s t r o n g  p o s i t i v e  r e l a t i o n  wi th  mean 
annoyance. I n  c o n t r a s t ,  t h e  o t h e r  v a r i a b l e s ,  number o f  s i n e  waves, f requency  o f  
s i n e  waves, and impulse r e p e t i t i o n  f r equency ,  have a c o n s i d e r a b l y  smaller p o s i t i v e  
r e l a t i o n  w i t h  mean annoyance, though s t i l l  s t a t i s t i c a l l y  s i g n i f i c a n t .  
Test-Retest R e p e a t a b i l i t y  
A s  exp la ined  i n  p r e v i o u s  s e c t i o n s ,  each s u b j e c t  judged each n o i s e  twice. 
T h i s  procedure  was done t o  assess how w e l l  t h e  s u b j e c t s  were able t o  perform 
t h e i r  annoyance judgment t a s k .  If each  s u b j e c t  was able t o  act  as  an ideal 
annoyance meter, t h e r e  should be no v a r i a b l e  i n  judgment between t h e  two times 
each n o i s e  was judged.  I n  t h e  a n a l y s i s  o f  v a r i a n c e  ( tab le  V), t h i s  idea was 
tested under  the s o u r c e  r e p e a t s .  A t  t h e  0.01 l e v e l ,  t h e  a n a l y s i s  o f  v a r i a n c e  
failed t o  reject  t h e  n u l l  h y p o t h e s i s  t ha t  r e p e a t e d  judgments  had no effect  upon 
t h e  annoyance r e s p o n s e s  g i v e n .  
T h i s  concept  of r e p e a t a b i l i t y  o f  judgment i s  a l s o  i l l u s t r a t e d  i n  f i g u r e  5. 
I n  t h i s  f i g u r e ,  t h e  h o r i z o n t a l  and v e r t i c a l  axes  a re ,  r e s p e c t i v e l y ,  first and 
second annoyance judgments  ( o v e r  repeats) f o r  t h e  same n o i s e .  Ideal s u b j e c t s ,  
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with perfect r e p e a t a b i l i t y ,  could be r e p r e s e n t e d  as t h e  dashed l i n e  y = x.  The 
40 s u b j e c t s  who p a r t i c i p a t e d  i n  t h e  s t u d y  are r e p r e s e n t e d  as  t h e  s o l i d  l i n e ,  w i t h  
equa t ion  and Pearson product-moment c o r r e l a t i o n  c o e f f i c i e n t  g iven .  Q u a l i t a t i v e l y ,  
t h e  nea rness  o f  t h e  t h e o r e t i c a l  and a c t u a l  l i n e s  i n  t h e  f i g u r e  i n d i c a t e s  t h a t  t he  
s u b j e c t s  were able to  perform t h e i r  judgment task w i t h  good r e p e a t a b i l i t y ,  t h e r e b y  
suppor t ing  t h e  repeats r e s u l t  o f  t h e  a n a l y s i s  o f  v a r i a n c e .  
DISCUSSION 
S i g n i f i c a n c e  o f  Impulse Parameters 
.The a n a l y s i s  o f  v a r i a n c e  ( t a b l e  V )  i n d i c a t e s  t h e  s t a t i s t i c a l  r e s u l t s  used t o  
de te rmine  which parameters s i g n i f i c a n t l y  c o n t r i b u t e d  t o  t h e  annoyance r e sponse .  
I n  t h i s  a n a l y s i s  scheme, o n l y  the  f i v e  main pa rame te r s  and t h e i r  i n t e r a c t i o n s  
were o f  major i n t e r e s t .  The main conc lus ion  o f  t h i s  a n a l y s i s  scheme was t h a t ,  
of the  f i v e  parameters used t o  s y n t h e s i z e  t h e  t es t  n o i s e s ,  each proved t o  have a 
s i g n i f i c a n t  e f fec t  upon t h e  annoyance r e sponses .  An even more s e v e r e  t e s t  of 
these parameters  i s  p resen ted  i n  t ab l e  V I .  Here, an  ana lys i s -o f -va r i ance  pro­
cedure  was used t o  examine o n l y  t h e  f i v e  main parameters ;  a l l  o t h e r  s o u r c e s  were 
combined i n t o  the  random-error term. T h i s  five-way c l a s s i f i c a t i o n  maximizes t h e  
random e r r o r  a g a i n s t  which t h e  s o u r c e  e f fec ts  are tes ted,  t h u s  making t h i s  a most 
s e v e r e  t es t  of each source  e f fec t .  T h i s  five-way c l a s s i f i c a t i o n  scheme gene ra l ­
i z e s  t o  t h e  popu la t ion  rather t h a n  t h e  spec i f ic  s u b j e c t  sample used f o r  t h i s  
experiment .  Even w i t h  t h i s  most s e v e r e  t e s t ,  t h e  f i v e  main parameters o f  t h e  
test n o i s e  s t i l l  show s i g n i f i c a n t  effects  upon t h e  annoyance r e s p o n s e s  t o  t h e  
t es t  n o i s e s .  
A comparison o f  t h e  F - r a t i o  v a l u e s  i n  t ab l e  V I  g i v e s  a n  i n d i c a t i o n  o f  t h e  
s t r e n g t h  of t h e  effects  of each o f  t h e  v a r i o u s  n o i s e  parameters .  The l e v e l  o f  
t h e  con t inuous  broadband n o i s e  de t e rmines  t h e  g e n e r a l  l e v e l  o f  a l l  t h e  test  
n o i s e s  and t h u s  is  t h e  s t r o n g e s t  o f  t h e  parameters. The i d e a l i z e d  crest  f a c t o r  
specifies t h e  l e v e l  o f  t h e  impulses  superimposed on t h e  broadband n o i s e  l e v e l .  
These two v a r i a b l e s  show ve ry  s t r o n g  e f fec ts  on annoyance, as i n d i c a t e d  by t h e  
very  large F-values  and as i l l u s t r a t e d  i n  f i g u r e  4. The o t h e r  three parameters, 
number o f  s i n e  waves, f requency  o f  s i n e  waves, and impulse r e p e t i t i o n  f requency ,  
have compara t ive ly  much smaller F - r a t i o s ,  t h e r e b y  i n d i c a t i n g  much smaller effects  
on annoyance r e sponse .  These e f fec ts  are r e l a t i v e l y  s u b t l e  when heard i n  t h e  
t e s t  n o i s e s  as compared t o  t h e  s t r i k i n g  e f f ec t s  o f  changing bo th  o v e r a l l  and 
impulse l e v e l .  
S u b j e c t i v e  and O b j e c t i v e  Measures 
This  s t u d y  has shown t h a t  each of t h e  f i v e  parameters had a s i g n i f i c a n t  
effect  upon t h e  n o i s e s '  annoyance and i n  which d i r e c t i o n  t h e  parameters affected 
t h e  annoyance responses .  Each o f  t h e  f i v e  parameters a l s o  had an  effect  upon 
t h e  o b j e c t i v e  measures  o f  n o i s e  l e v e l .  The t e s t  n o i s e s  judged were c o n s t a n t  
l e v e l ,  10-sec b u r s t s ,  approximating s h o r t  samples  of h e l i c o p t e r  hover n o i s e  w i t h  
va ry ing  degrees o f  blade s l a p .  These n o i s e  samples  were measured and q u a n t i f i e d  
by us ing  n o i s e - r a t i n g  scales i n  common use  for  a i r c ra f t  n o i s e  measurements. 
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Table V I 1  p r e s e n t s  these o b j e c t i v e  measures ,  as w e l l  as t h e  s u b j e c t i v e  judg­
ments ,  f o r  bo th  impu l s ive  and con t inuous  n o i s e s .  
P a r t  of t h e  data from table  V I 1  i s  p l o t t e d  i n  f i g u r e s  6 t o  9 .  For each 
f i g u r e ,  t h e  v e r t i c a l  a x i s  i s  median annoyance r a t i n g  ove r  a l l  s u b j e c t s ,  whereas 
f o r  t h e  h o r i z o n t a l  a x i s ,  d i f f e r e n t  n o i s e - r a t i n g  scales are used. Median annoy­
ance  r a t i n g  was chosen i n s t e a d  of t h e  mean as a be t t e r  r e p r e s e n t a t i o n  o f  c e n t r a l  
tendency.  T h i s  cho ice  was made t o  account  f o r  skewness and t r u n c a t i o n  nea r  t h e  
ends  o f  t h e  annoyance scale. 
I n  each f i g u r e ,  t h e  nonimpuls ive ,  con t inuous  n o i s e s  (numbers 9 ,  1 2 ,  23, and 
32) are r e p r e s e n t e d  as the  s o l i d  symbols. The i m p u l s i v e  n o i s e s  are r e p r e s e n t e d  by 
t h e  open symbols. The t r e n d  of t he  impuls ive  n o i s e  i s  r e p r e s e n t e d  by t h e  S-shaped 
dashed l i n e  i n  each f i g u r e .  These c u r v e s  were c o n s t r u c t e d  by t r ans fo rming  t h e  
median annoyance judgments t o  u n i t  normal d e v i a t e s  and performing a l e a s t - s q u a r e s  
l i n e a r  r e g r e s s i o n  upon t h e  d e v i a t e  s c o r e s  (dependent  v a r i a b l e )  and t h e  v a r i o u s  
r a t i n g - s c a l e  u n i t s  ( i ndependen t  v a r i a b l e s ) .  The r e s u l t i n g  l i n e a r  r e g r e s s i o n  l i n e  
was then  t ransformed back i n t o  t h e  medium annoyance scale. T h i s  procedure  takes 
i n t o  account  t he  t r u n c a t i o n  o f  t h e  judgment d i s t r i b u t i o n s  a t  t h e  ends o f  t h e  
annoyance s c a l e ,  t h u s  g i v i n g  a good r e p r e s e n t a t i o n  o f  t h e  o v e r a l l  t r e n d  i n  t h e  
data. 
I n  examining t h e  f i g u r e s ,  s e v e r a l  i n t e r e s t i n g  o b s e r v a t i o n s  may be  made. 
When t h e  n o i s e s  are q u a n t i f i e d  i n  terms of sound p r e s s u r e  l e v e l ,  both l i n e a r  and 
A-weighted, and pe rce ived  n o i s e  l e v e l  ( a l l  o f - w h i c h  are s c a l e s  commonly used t o  
q u a n t i f y  a i rc raf t  n o i s e ) ,  t h e  impuls ive-noise- t rend  l i n e  f a l l s  t o  t h e  l e f t  o f  t h e  
nonimpuls ive ,  con t inuous  n o i s e  p o i n t s  on t h e  d B  scale (as  shown i n  f i g s .  6 t o  81, 
t h e r e b y  i n d i c a t i n g  a b i a s  o r  d i sc repancy  between o b j e c t i v e  and s u b j e c t i v e  mea­
s u r e s .  I d e a l l y ,  t h e  two n o i s e  c o n d i t i o n s ,  impu l s ive  and con t inuous ,  should  be  
i n d i s t i n g u i s h a b l e  when measured o r  p l o t t e d .  For t h e  two n o i s e  c o n d i t i o n s ,  impul­
s i v e  and nonimpuls ive ,  when judged equa l  i n  annoyance,  t h e  o b j e c t i v e  measurement 
of t h e  impuls ive  n o i s e  underes t imated  t h e  s u b j e c t i v e  r e a c t i o n  by approximate ly  
2 dB. However, when t h e  n o i s e s  were q u a n t i f i e d  i n  terms of A-weighted sound 
p r e s s u r e  l e v e l  impulse ,  t he  nonimpulsive data p o i n t s  f a l l  c l o s e  t o  t h e  t r e n d  
l i n e ,  t he reby  s u g g e s t i n g  p o s s i b l e  random e r r o r  i n s t e a d  o f  s y s t e m a t i c  b i a s .  These 
rather l i m i t e d  data imply t h a t  t h e  A-weighted impulse g i v e s  a more a c c u r a t e  quan­
t i f i c a t i o n  of r e p e a t e d  impulse  n o i s e  than  t h e  commonly used slow n o i s e - r a t i n g  
scales. 
The r e s u l t s  o f  t h e  a n a l y s i s  o f  v a r i a n c e  may be compared w i t h  t h e  f i g u r e s  
showing median annoyance r a t i n g  as a f u n c t i o n  o f  n o i s e  l e v e l .  Table V I  shows 
t h a t  two o f  t h e . s o u r c e s  o f  v a r i a t i o n ,  l e v e l  o f  c o n t i n u o u s  n o i s e  and i d e a l i z e d  
crest f a c t o r ,  are q u i t e  s t r o n g  i n  r e l a t i o n  t o  t h e  o t h e r  t h r e e  sou rces .  T h i s  
r e l a t i o n  between s o u r c e s  o f  v a r i a t i o n  may be s e e n  i n  f i g u r e s  6 t o  9 .  The data 
p o i n t s  i n  these f i g u r e s  g e n e r a l l y  f a l l  i n t o  f o u r  g roups ,  determined by t h e  low 
and h igh  v a l u e s  f o r  t h e  two s o u r c e s .  These f o u r  groups  o f  impulse  n o i s e s  gen- '
e r a l l y  de te rmine  t h e  t r e n d  l i n e  o f  t h e  impulse-noise-da ta  p o i n t s .  However, 
w i t h i n  one group o f  impulse  p o i n t s ,  h igh  l e v e l  of con t inuous  n o i s e  and low 
i d e a l i z e d  c r e s t  f a c t o r ,  f o r  example, there i s  some v a r i a t i o n  among t h e  p o i n t s .  
T h i s  v a r i a t i o n ,  a long  bo th  t h e  d B  and median annoyance scales, i s  due t o  t h e  
s u b j e c t i v e  and o b j e c t i v e  i n f l u e n c e  o f  the  first three s o u r c e s  o f  v a r i a t i o n  i n  
table V I .  These s o u r c e s ,  number o f  s i n e  waves i n  an  impu l se ,  f requency of  t h e  
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s i n e  waves, and impulse r e p e t i t i o n  f requency ,  had r e l a t i v e l y  small bu t  s i g n i f i ­
c a n t  effects upon t h e  annoyance r e sponses .  These s o u r c e s  may be cons ide red  
" f i n e  tun ing"  v a r i a b l e s  i n  p r e d i c t i n g  human re sponse  t o  r epea ted  impu l s ive  n o i s e  
s i m u l a t i n g  h e l i c o p t e r  b l a d e  s l a p .  
CONCLUDING REMARKS 
T h i s  s t u d y  was conducted t o  examine t h e  s u b j e c t i v e  effects  o f  s e v e r a l  h e l i ­
c o p t e r  b lade-s lap  characterist ics.  F ive  pa rame te r s  were chosen t o  s y n t h e s i z e  
b lade-s lap  no i se :  The number o f  s i n e  waves i n  a s i n g l e  impulse;  t h e  f requency  
of t he  s i n e  waves; t h e  impulse r e p e t i t i o n  f requency;  the  sound p r e s s u r e  l e v e l  
(SPL) o f  t h e  con t inuous ,  broadband con t inuous  n o i s e ;  and t h e  SPL o f  t h e  impu l ses  
superimposed upon t h e  cont inuous  n o i s e .  S h o r t  b u r s t s  o f  n o i s e  were s y n t h e s i z e d ,  
w i t h  t h e  parameters  a t  r e p r e s e n t a t i v e  l e v e l s ,  and t h e  annoyance o f  each n o i s e  
was judged by 40 human s u b j e c t s .  
The a n a l y s i s  o f  t h e  annoyance da ta  f o r  t h e  t e s t  n o i s e s  i n d i c a t e d  t h a t  each 
of t h e  f i v e  parameters  had a s i g n i f i c a n t  e f fec t  upon t h e  annoyance judgments a t  
t h e  0.01 l e v e l .  The SPL of t h e  con t inuous  n o i s e  and t h e  crest  f a c t o r  ( d e r i v e d  
by us ing  SPL o f  t h e  impulses)  were shown t o  have v e r y  s t r o n g  p o s i t i v e  r e l a t i o n s  
w i t h  annoyance. The o t h e r  three parameters  had smaller,  bu t  s t i l l  s i g n i f i c a n t ,  
effects  upon annoyance judgments.  
Annoyance judgments were a l s o  c o r r e l a t e d  w i t h  s e v e r a l  n o i s e  measurement 
scales.  T h i s  s u b j e c t i v e - o b j e c t i v e  comparison showed t h a t  t h e  n o i s e  scales com­
monly used t o  q u a n t i f y  a i r c r a f t  n o i s e ,  l i n e a r  SPL,  A-weighted SPL,  and pe rce ived  
n o i s e  l e v e l ,  unde res t ima te  by approximate ly  2 dB t h e  annoyance caused by t h e  
impuls ive  n o i s e s .  One n o i s e  measurement scale ,  A-weighted impulse S P L ,  d i d  g i v e  
a more a c c u r a t e  r e p r e s e n t a t i o n  o f  t h e  annoyance o f  t h e  n o i s e s  s i m u l a t i n g  h e l i ­
c o p t e r  hover  w i t h  b l a d e  s l a p .  
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TABLE I.- VALUES ASSIGNED TO FIVE PARAMETERS CHOSEN TO 

SIMULATE HELICOPTER BLADE SLAP 
-~ 
Parameter 
- -
Number o f  s i n e  waves i n  impulse . . . . . . . . . .  
Sine-wave f r equency ,  Hz . . . . . . . . . . . . . .  
R e p e t i t i o n  f requency  o f  impulses ,  Hz . . . . . . . .  
Level of  con t inuous  n o i s e ,  dBa . . . . . . . . . . .  
I d e a l i z e d  c res t  f a c t o r b  o f  impu l s ive  n o i s e ,  dB . . .  
- - _ _  
aSPL dB r e f e r e n c e d  t o  20 p P a .  
Value o f  
parameter 
- -
High 
- ­
3 
400 
20 
80 
25 
.­
bCrest f a c t o r  is  de f ined  as  r a t i o  of peak t o  root-mean-square p r e s s u r e  
f o r  an a c o u s t i c  s i g n a l  
Crest f a c t o r  = 	
Peak p r e s s u r e  
rms p r e s s u r e  
When conver ted  t o  dB sca le ,  c res t  Cactor  i s  peak SPL minus rms SPL. For  pur­
poses  o f  d e f i n i n g  n o i s e s  used i n  t h i s  s t u d y ,  a n  i d e a l i z e d  c res t  f a c t o r  was 
s p e c i f i e d ,  peak SPL o f  impulses  minus r m s  SPL o f  con t inuous  n o i s e .  
12 
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TABLE 11.- R A N D O M I Z A T I O N  OF 36 TEST NOISES 

No. Frequency Impulse SPL o f  I d e a l i z e d  
Noise of  
s i n e  
waves 
o f  
s i n e  waves, 
Hz 
r e p e t i t i o n  
f requency ,
L HZ 
cont inuous  
n o i s e ,  
dB 
-. 
crest  
f a c t o r ,  
dB 
Noise group I 
. - ~~ . ._ - .  ~. 
1 3 200 20 65 25 
2 3 400 20 65 15 
3 1 40 0 8 65 25 
4 1 400 8 80 25 
5 1 200 8 65 15 
6 3 400 8 65 15 
7 1 200 8 80 15 
8 
9 
3 --- 400 --- 8 --- 80  80 25---
Noise g roup  I1 
10 1 40 0 8 80 15 
11 1 400 20 65 25 
12 --- --- 73 ---
13 1 200 8 80 25 
14 3 40 0 20 80 25 
15 3 400 8 65 25 
16 3 200 20 80 25 
17 3 200 20 80  15 
18 1 200 8 65 25 
.. - -. 
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-- - 
- -  
-- - 
-- - 
-- - 
--- 
--- 
--- 
--- 
TABLE 11.- Concluded 
Frequency Impulse 
Noise 
s i n e  waves, 
r e p e t i t i o n  
f r equency ,  
HZ HZ 
- - _  
Noise group I11 
_ _ _  
I-
-~ .-. 
SPL of I d  ea1i z e d  
cont inuous  c res t  
n o i s e ,  f a c t o r ,  
dB dB 
- .  . -_ 
~ _ _  
65 15 
80 25 
80 15 
65 25 
65 
65 15 
80 15 
65 15 
80 25 
~-.. -_ 
- .. -
65 15 
80 25 
80 15 
80 15 
73 
65 15 
65 25 
65 25 
80 15 
19 1 40 0 
20 1 400 
21 1 200 
22 3 400 
23 
24 1 200 
25 3 40 0 
26 1 400 
27 1 200 
__ 
I 
28 3 20 0 
29 3 200 
30 3 20 0 
31 1 400 
32 
33 3 200 
34 3 200 
35 ' 1 200 
36 3 40 0 
c _ ~  .-
14 
~ ~ - - ­
8 
20 
20 
20  
20 
8 
20 
20 
____. -. 
Noise group I V  
-. ~ 
8 
8 
8 
20 
20 
8 
20 
20 
T A B L E  111.- C O U N T E R B A L A N C E D  N O I S E  G R O U P S  
W I T H  F O U R  N O I S E  T A P E  R E C O R D I N G S  
N o i s e  g roup  
tape recording 
I I1 I V  I11 
I1 I11 I I V  
I11 I V  I1 I 
I V  I I11 I1 
T A B L E  1 V . - A S S I G N M E N T S  OF S U B J E C T S  AND S E X E S  T O  
V A R I O U S  T A P E  P R E S E N T A T I O N  O R D E R S  
Tape p r e s e n t a t i o n  
Sex S u b j e c t  
2,6,10,14,18 
3,7,11,15,19 
4,8,12,16,20 
21,25,29,33,37 
2 2 ~ 6 ~ 3 0, 4,38 
23,27931 935939 
24,28,32,36,40 
F i r s t  
I I1 I V  I11 
I11 I V  I1 I 
I11 I V  I1 I 
I I1 I V  I11 
I1 I11 I I V  
I V  I I11 I1 
I V  I I11 I1 
I1 I11 I I V  
R e p e a t  
I11 I V  I1 I 
I I1 I V  I11 
I I1 I V  I11 
I11 I V  I1 I 
I V  I I11 I1 
I1 I11 I I V  
I1 I11 I I V  
I V  I 111.11 
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TABLE V . - RESULTS OF ANALYSIS OF V A R I A N C E  
P~ 
Source of s q u a r e s  square F - r a t i d  
freedom 
-. .. 
, 
Degrees Sum 
.-
o f  
. -
Mean 
~~~~ ~ * Number of s i n e  waves ( A )  1 77.006 77.006 *63.068 
Frequency o f  s i n e  waves ( B )  1 104.248 104.248 85.379 
Impulse r e p e t i t i o n  frequency ( C )  1 55.460 55.460 45.422 
Level of  cont inuous  n o i s e  
I d e a l i z e d  c r e s t  f a c t o r  ( E )  
A x  B 
A x  C 
A x D  
A X E  
B x C  
B x D  
B x E  
C x D  
C x E  
D x E  
A x B x C  
A x B x D  
A x B x E  
A x C x D  
A x C x E  
A x D x E  
B x C x D  
B x C x E  
B x D x E  
C x D x E  
A x B x C x D  
A x B x C x E  
A x B x D x E  
A x C x D x E  
B x C x D x E  
A x B x C x D x E  
Repeats 
S u b j e c t s
E r r o r  
T o t a l  
. ~~ - .* These F - r a t i o  v a l u e s  
( D )  1 
1 
9 307.838 
1 460.170 
9307.838 
1460.170 
,7623.127 
1J95.880 
1 43.943 43.943 35.989 
1 3.969 3.969 3.251 
1 33.810 33.810 27.690 
1 .200 .200 . I 6 4  
1 .252 .252 .206 
1 5.738 5.738 4.699 
1 1.106 1.106 .go6 
1 .356 .356 .292 
1 4.709 4.709 3.857 
1 
1 
69.169 
8.719 
69.169 
8.719 
36.649
* 7.141 
1 
1 
28.392 
12.100 
28.392 
12.100 
$3.253
* 9.910 
1 20.129 20.129 16.486 
1 . I 6 6  . I 6 6  . I 3 6  
1 2.704 2.704 *2.215 
1 10.201 10.201 8.355 
1 1.278 1.278 1.047 
1 2.717 2.717 2.225 
1 1.661 1.661 * 1.360 
1 
1 
12.155 
67.600 
12.155 
67.600 
9.955
*55.364 
1 
1 
1 
14.732 
.008 
21.061 
14.732 
.008 
21.061 
12.066
* .007
* .17.249 
1 
1 
14.131 
4.048 
14.131 
4.048 
11.573
* 3.315 
39 5 315.159 136.286 111.618 
2488 3 037.076 1.221 
2559 19 742.011 
-
a r e  s i g n i f i c a n t  a t  0.01 l e v e l .  For one and i n f i ­
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TABLE V I . - RESULTS OF ABBREVIATED ANALYSIS OF V A R I A N C E  

_. 
Degrees Sum o f  
Source o f  s q u a r e s  
f r e e d  om 
Number of  s i n e  waves 1 77.006 
Frequency o f  s i n e  waves 1 104.248 
Impulse r e p e t i t i o n  f requency  1 55.460 
Level  o f  con t inuous  n o i s e  1 9 307.838 
I d e a l i z e d  crest  f a c t o r  1 1 460.170 
Erro r  2554 8 737.289 
T o t a l  2559 19 742.011 
Mean 
squa re  F- ra t  i o  
* 77.006 *22.510 
104.248 *30.473 
55.460 * 16.212 
9307.838 $720.795 
1460.170 426.825 
3.421 ______-__ 
17 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
TABLE vrr.- VARIOUS SUBJECTIVE AND OBJECTIVE MEASUREMENTS FOR 36 TEST NOISES 
'[Peak and i m p u l s e  n o i s e - l e v e l  measurements were made by eye-averaging 
many meter r e a d i n g s  from sound- leve l  meter having  pe,ak- and impulse-
hold f u n c t i o n s ;  o t h e r  n o i s e  l e v e l s  were o b t a i n e d  by a p p r o p r i a t e  com­
p u t a t i o n s  performed on one - th i rd  octave-band levels f o r  each n o i s e  
found i n  appendix A I  
- I_.- . .  _ 
Annoyance 
r a t i n g  
Mean 
Noise l e v e l ,  dB 
Noise 
.I 7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
18 
Median 
1.90 
1.45 
2.55 
7.30 
.90 
1.70 
5 .15  
7.85 
4 .10  
4.65 
2.70 
.I .60 
7 .00  
8.35 
2.25 
8.05 
5 .40  
1.80 
1.10 
7.05 
5 .15  
3.65 
.70 
1.20 
6.20 
1.75 
7.70 
.95 
7.30 
4.80 
4.95 
1.45 
1.15 
2.70 
L inea r  
(l%lS> 
80.0 
70.4 
74.0 
87.7 
68.5 
68.9 
82 .8  
89 .9  
81 .2  
82.1 
74.5 
73.5 
88.7 
93.2­
75.1 
94.5 
85 .8  
73.5 
68.1 
89 .6  
84 .3  
78 .8  
67.2 
69.8 
83.4 
68.7 
91.3 
69.5 
91.1 
84 .8  
83 .5  
74.1 
71.1 
76.2 
76.4 
85.2 
L inea r  
( peak) 
90 
85 
91 
.I 05 
82 
83 
97 
106 
93 
97 
91 
86 
105 
106 
91 
105 
97 
89 
82 
105 
97 
90 
78 
82 
98 
82 
105 
83 
105 
97 
98 
85 
82 
89 
89 
98 
A-weighted 
( r m s  1 
68.3 
63.9 
66.2 
81 .2  
59.1 
61.5 
73 .4  
84 .3  
72.4 
74 .2  
68 .4  
65 .2  
78 .5  
87.8' 
69.5 
83 .9  
75.8 
63.4 
59.7 
83 .5  
74.6 
73.4 
58.0 
60 .3  
76.0 
61.2 
81 .1  
59.7 
80 .8  
75.2 
76 .0  
65.2 
61 . O  
65.7 
66.2 
78.9 
, ._-
A-weighted 
( peak) 
80 
78 
86  
100 
72 
77 
87 
99 
8 3  
91 
8 5  
77 
95 
100 
85  
95 
88  
80 
77 
99 
88 
86 
68 
72 
91 
77 
95 
72 
94 
87 
90 
77 
72 
79 
79 
92 
-
A-weigh t e d  
( i m p u l s e  1 
70 
67 
69 
85 
59 
65 
75 
89 
73 
78 
70 
66 
81 
89 
74 
87 
78 
67 
62 
86 
77 
76 
59 
61 
78 
63 
83 
61 
85 
77 
78 
66 
62 
68 
69 
80 
~-
PNL 
80 .5  
75.1 
76.4 
91 .8  
71 .O 
73.2  
86 .2  
95 .2  
84 .9  
85 .9  
78.4 
76 .7  
90.9 
98.1 
79.9 
96 .3  
89.1 
75.2 
71 . O  
93.8  
87.1 

83.4 
69.8 
72 .1  
88 .1  
72 .0  
93.4 
72.1 
93.6 
88 .2  
87.2 
77 .3  
73.7 
78.5 
77.9 
90 .3  
1.92 
1.59 
2.70 
6.59 
1.02 
1.84 
4.85 
7.02 
3.79 
4.23 
2.80 
2.00 
6 :04 
7.35 
2.48 
7.18 
4.85 
1.76 
1.27 
6.43 
4.64 
3.48 
.77 
I .31 
5.74 
1.93 
6.94 
1.07 
6.42 
4 .44  
4.58 
1.80 
1.32 
2.86 
2.82 
5.91 
3.00 

6.60 

Function 
generator 
Electronic Two -channel 
switch Attenuators tape recorder 
-PU 
TZGGZP 
Pink Spectrum O d Y  

noise shaper 

gene rator 

( a >  Tes t -noise  s y n t h e s i s .  
Noise Amplifier
Two- channel reduction output 
tape recorder system Amplifiers limiters Fuses I Speakers- I 
IImpulses only 
Continuous noise * 

I 
I 
I 

only I 
' 	 Test 
chamber 
( b )  Tes t -no i se  r ep roduc t ion .  
F igu re  1 . - Diagram of  e l e c t r o n i c  sys tems used t o  s y n t h e s i z e  and 
reproduce  t es t  n o i s e s .  
F igu re  2.- Ske tch  of pressure-envelope  time h i s t o r y  f o r  two tes t  n o i s e s  t o  
i l l u s t r a t e  method used t o  p r e s e n t  t e s t  n o i s e s  t o  s u b j e c t s .  
19 
N 

0 

L-76-3083.1 
Figure 3.- Photograph of test chamber showing orientation of subject and loudspeakers. 
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8 '9 
7 ­ 
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5.83 
Mean 5 e  -annoyance 4.67rating 4 -
I 4.09 ,,Ti2 4.07
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2 1  

1 ­ 
 565 -
80 
-
15 
-
250 8 2.0 
No. of Frequency of Impulse Level of Idealized 
sine waves sine waves repetition continuous crest  factor,
Hz frequency noise, dB 
Hz dB 
Figure 4.- Bar graph showing annoyance effect  o f  f i v e  f a c t o r s  used t o  syn thes i ze  impulsive t e s t  no i ses .  
Second 
annoyance
judgment, Y 
9 ­ 

8 ­ 

+ 0.954~ 
7 - r = 0.915 
6 ­
5 ­ 

4 ­
0 1 2 3 4 5 6 7 8 9 

First annoyance judgment, x 
F i g u r e  5.- S u b j e c t  r e p e a t a b i l i t y  ove r  a l l  n o i s e s .  
22 
9­
0 Continuous and impulsive noise 
+ 	Continuous noise 0 & R 0  
0 -0
8 - 0 00’ 
0 
Median 
annoyance
rating 
/ I -L 
65 70  7 5  80 85 90 95 
Noise level, dB 
F i g u r e  6.- Annoyance r a t i n g  as f u n c t i o n  of l i n e a r  sound p r e s s u r e  level. 
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Figure  7.- Annoyance r a t i n g  as f u n c t i o n  of  A-weighted sound pressure l e v e l .  
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+ Continuous noise 
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6 
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Figure 8. - Annoyance r a t i n g  as f u n c t i o n  o f  perce ived  no i se  l e v e l .  
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3 ­
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F i g u r e  9.- Annoyance r a t i n g  as f u n c t i o n  of A-weighted impulse 
sound p r e s s u r e  l e v e l .  
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APPENDIX A 

NOISE DESCRIPTION 

The n o i s e s  t o  be  hea rd  by t h e  s u b j e c t s  were monitored by u s i n g  a microphone 
a t  a p o s i t i o n  t o  be  occupied by t h e  s u b j e c t ’ s  head. Fo r  each n o i s e ,  t h e  a c o u s t i c  
s i g n a l  i n  t h i s  head volume was s u b j e c t e d  t o  one- th i rd  octave-band and narrow-band 
a n a l y s i s .  O s c i l l o g r a p h  traces were a l s o  made of each t e s t  n o i s e .  
L F i g u r e s  A I  t o  A36 p r e s e n t  a p o r t i o n  o f  t h e  a c o u s t i c  a n a l y s i s  f o r  each o f  t h e  
36 tes t  n o i s e s .  The t o p  p a r t  o f  each f igure shows a 0.3-sec sample o f  t h e  o s c i l ­
lograph  traces.  Each p r e s s u r e  time h i s t o r y  is  p resen ted  w i t h  t h e  same a r b i t r a r y  
v e r t i c a l  o r  p r e s s u r e  scale.  The bottom p a r t  o f  each f i g u r e  shows t h e  r e s u l t s  o f  
real time, one - th i rd  octave-band a n a l y s i s .  These s p e c t r a  are t h e  r e s u l t  o f  aver ­
ag ing  ove r  8 sec of t he  t o t a l  n o i s e  l e n g t h  of  10 sec. 
The t es t  n o i s e s  were a l s o  s u b j e c t e d  t o  narrow-band a n a l y s i s  t o  de te rmine  t h e  
harmonic s t r u c t u r e  of each. Represen ta t ive  narrow-band a n a l y s e s ,  averaged over  
4 t o  8 sec,  are p resen ted  i n  f i gu res  A37 t o  A 4 O .  I n  t hese  f i g u r e s ,  t h e  e f f ec t s  
on harmonic s t r u c t u r e  of s e v e r a l  exper imenta l  v a r i a b l e s  may be  seen .  The i m p u l s e  
r e p e t i t i o n  f requency  de te rmines  t h e  f requency  spac ing  of  t h e  i n d i v i d u a l  harmonic 
components, which are l o c a t e d  a long  t h e  f requency  s c a l e  a t  i n t e g e r  m u l t i p l e s  of 
t h e  r e p e t i t i o n  f requency .  The number o f  s i n e  waves o r  complete  c y c l e s  i n  an 
i n d i v i d u a l  impulse de t e rmines  t h e  shape o f  t h e  envelope o f  t h e  harmonic compo­
n e n t s ;  as t h e  number o f  c y c l e s  i n  an impulse i n c r e a s e s ,  t h e  envelope  o f  l e v e l  
and f requency  harmonic s p i k e s  shows more l o b e s  i n  a s p e c i f i c  p a t t e r n .  The fre­
quency o f  t h e  s i n e  waves used  t o  s y n t h e s i z e  t h e  tes t  n o i s e  shows up as t h e  maxi­
mum SPL harmonic component o r  nea r  t h e  maximum SPL s p i k e  i n  t h e  major envelope 
l o b e .  
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Pressure 
Time 
One-third octave-band center frequency, kHz 
Figure AI.- Noise 1. 
Pressure 
Time 
60 

50 

Band 
SPL,
dB 
40 

30 

, I , I I I I I I l l l r l r l l r l l r r r l l r r r r 1 4 

,016 .0315 .063 ,125 2 5  .5 1 2 4 8 16 

One-third octave-band center frequency, kHz 
FiRure A2.- Noise 2. 
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Pressure 
Time 
60 ­
50 -
Band 
SPL,
dB 
40 -
T 1 I 1 1 I I I I I I I I 1 I I I L I I l t l l l l l ~ ~ ~ ~ ~ ~ 
,016 .0315 .063 ,125 .25 .5 1 2 4 8 16 
Pressure 
Time 
90­
-80 

-70 

Band 
SPL,
dB 
 -60 
-50 
-40 
c

T 
One-third odave-band center frequency, kHz 
F i g u r e  A3.- Noise 3. 
L 1 I I I I I I L l l l I I I I I I I I I I I 1 1 1 1 I 
.016 .0315 .063 .125 2 5  .5 1 2 4 8 
One-third octave-band center frequency, ldiz 
F i g u r e  A.4.- N o i s e  4 .  
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Pressure 
Time 
-70 
-60 
-50 

Band 
SPL,
dB 
-40 
-30 

-20
-
i
l-
I .*I.pL L I I I I 1 I I I I I i 1 L I l  
,016 .0315 ,063 .125 2 5  .5 1 2 4 8 16 
One-third octave-band center frequency, kHz 
Figure  A5.- Noise 5.  
Pressure 
Time 
60 ­
50 -
Band 
SPL,
dB 
40  ­
30 -
I l l  I I I I  I 1 , 1 1 1 I I I I I I  1 I L 1 1 I I I L . L I _ U  
.016 .0315 .063 .I25 .25 .5 1 2 4 8 16 
One-third octave-band center frequency, kHz 
Figure  A 6 . - Noise 6.  
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Pressure 
I 
Time 
-80 
-70 
-60 
Band 
SPL,
dB 
50 ­
-40 
30 ­-
1 I L  1 1 - 1 1  1 1 1  1 1 1 I 1 1 . 1  J 1 1 I I I I I I I I I 1 I 
.016 ,0315 .063 .125 .25 .5 1 2 4 8 1G 
One-third octave-band center frequency, kHz 
Figure A7.- Nojse 7 .  
90 

I O  
Band 
SPL,
dB 
60 
50 
I 
1 l l l l l l l I l l l l l l l l l l l l l l l l l ~ ~ ~  
.016 ,0315 .Om .125 2 5  .5 1 2 4 8 
One-third octave-band center frequency, W z  
Figure A 8 . - Noise 8. 
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Pressure 
I 
LL
Time 
-I O  
-60 
-50 

-40 
30 -
J­
1 , 1 1 1 , 1 1 l 1 I L 1 I 1  
w . 1 2 5 .25 .- 4 8 16 
One-third octave-band center frequency, kHz 
F i g u r e  A9.- Noise 9 .  
. ,  . 
Pressure 
L,Time 
-I O  
-60 
Band 
SPL, 
dB -50 
-40 
3T 

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I L 
.016 .0315 .063 .125 .25 .5 1 2 4 8 16 
One-third octave-band center frequency, kHz 
F i g u r e  A10.- Noise IO. 
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Pressure 
Time 
70r 
60­
50 ­
40 ­
30 - I 

-I- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l ' 
,016 .0315 ,063 .125 .25 .5 1 2 4 8 16 
One-third octave-band center frequency, kHz 
F i g u r e  A l l . - N o i s e  1 1 .  
Pressure 
Time 
70 r 
I 1 1 , , , , , 1 , , , , , 1 1 1 1 1 , 1 , 1 1 1 , 1 1 I I I  
.016 .0315 .063 .125 .25 .5 1 2 4 8 16 
One-third octavelband center frequency, kHz 
F i g u r e  A12. - Noise 1 2 .  
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-90 
-EO 
-70 
Band 
SPL,
dB 

-60 

-50 
-40 
=i
1 I I I I ' 1 I I I 1 I 1 I I I 1 I & I I I I L L - I  I_ I I 1  
.016 .0315 .063 .125 .25 .5 1 2 4 8 
One-third octave-band center frequency, lrHz 
Figure  Al3.- Noise 13. 
Pressure 
ITime 
< 1 1 l l l l l l l l  
.016 .0315 ,063 .125 .25 .5 1 2 4 E 
One-third octave-band center frequency, kliz 
F igure  A14 . - Noise 1 4 .  
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Pressure 
Time 
-80 

-70 

-60 

P 
Band -SPL, 50 
dB 
-40 
30 ­
-20 
I I 1=i=I 1 I I 1 . 1  1 I 1 1 I I I I .  I I I I I I I I I I I 1 I I L 
.016 .0315 .063 ,125 .25 .5 1 2 4 8 16 
One-third octave-band center frequency, kHz 
F i g u r e  A15.- Noise 15. 
Pressure 
L 
Time 
.016 .0315 .063 .125 .25 .5 1 2 4 8 
One-third octave-band center frequency, lrHz 
F i g u r e  A 1 6 . - Noise 16. 
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Pressure 
I
Time 
Band 
SPL, 
dB 
I I I I I I I I I I I I I 1 1 I 1  l L I L 1 1 1  I L L l 1 - 1 1  
.016 ,0315 .063 .125 .25 .5 1 2 4 8 16 
One-third octave-band center frequency, kiiz 
F i g u r e  A 1 7 . - Noise 17 .  
Pressure
L L 

a 
1 1 1 I I I I I 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L U k  
.016 ,0315 ,063 .125 .25 .5 1 2 4 8 16 
One-third octave-band center frequency, lrHz 
Figure A18.- Noise 18. 
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Pressure 
Time 
70­
60 ­
50 -
Band 
SPL,
dB 
40 ­
3 0 7  
1 1.1.1 1-1 1 I 1 I I I I I I I t I I I I I I I I I I I I 
.016 .OS15 ,063 .I25 2 5  .5 1 2 4 8 16 
One-third octave-band center frequency, HZ 
Figure  A19.- Noise 19. 
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-80 
70 -
Band 
SPL,
dB 
60 ­ i=
50 -
I 1 I 1 I I I I I I I I !  I IL1I-L.I  I 1 1 I I I t J  
.Ole .0315 .063 .125 2 5  .5 1 2 4 8 
One-third octave-band center frequency, kH2 
F i g u r e  A20.- Noise 23. 
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Pressure 
I
 
Time 
-60 
Band 
SPL,
dB 

-50 

f
r"' 
. O t  
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A­
1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 
.016 .0315 ,063 .125 .25 .5 1 2 4 8 16 
One-third octave-band center frequency, kHz 
Figure  A21.- Noise 21. 
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Time 
r 
I O  ' 
60 ' 
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SPL,
dB . 
50. 

40 ' 
I I I I I I I I I I I I 1 I I 1 1 L 1.I. I I I 1 &=I 
.016 .0315 .063 .125 .25 .5 1 2 4 8 
One-third octave-band center frequency, kHz 
F i g u r e  A22.- Noise 22. 
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Pressure 
LL
Time 
60 ' 
50 
Band 
SPL,
dB 

40 
30 

1 1 1 1 I I I I 1  L L I  1 1 I I L I I I I I I I I I 1 I I 1 1  1 
.016 .0315 .063 .125 .25 .5 1 2 4 8 16 
One-third octave-band center frequency, kHz 
F i g u r e  A23.- Noise 23. 
Pressure 
LLTime 
60 ' 
50 

Band 
SPL,
dB 
40 
n 30 
20 
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One-third octave-band center frequency, kIiz 
F i g u r e  A24.- Noise 24. 
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Pressure 
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One-third octave-band center frequency, kHz 
Figure  A25.- Noise 25. 
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One-third octave-band center frequency, kHz 
Figure A26.- Noise 26. 
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One-third octave-band center frequency, kHz 
Figure  A27.- Noise 27. 
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.016 .0315 .063 .125 2 5  .5 1 2 4 8 16 
One-third octave-band center frequency, kHz 
F i g u r e  A28.- Noise 28. 
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1 1 1 I 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

.016 .0315 .063 .125 .25 .5 1 2 4 8 

One-third octave-band center frequency, kHz 

F i g u r e  A29.- Noise 29. 
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One-third octave-band center frequency, kHz 

F i g u r e  A30.- Noise 30. 
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Pressure 
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One-third octave-band center frequency, kHz 
F i g u r e  A 3 1  .- Noise 31 .  
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One-third octave-band center frequency, kIiz 
F i g u r e  A32.- Noise 3 2 .  
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Pressure 
Time 
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One-third octave-band center frequency, kHz 
F i g u r e  A33.- Noise 33. 
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Figure A34.- Noise 34. 
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Pressure 
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One-third octave-band center frequency, kHz 
F i g u r e  A35.- Noise 35. 
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One-third octave-band center frequency, kHz 
F i g u r e  A 3 6 . - Noise 35. 
45 
0 
10 dB 
f -
Relative 
level 
F igure  A37.-
Impulse parameters 

No. of sine waves: 1 

Frequency of sine waves: 400 Hz 

Impulse repetition frequency: 20 Hz 
c 
Frequency, kHz 
Narrow-band a n a l y s i s  of t e s t  n o i s e  20; bandwidth e q u a l s  4 Hz. 
4 

10 dB 
Relativc 
level 
I I I 
Figure A38. - Narrow-band 
Impulse parameters 

No. of sine waves: 3 

Frequency of sine waves: 400 Hz 

Impulse repetition frequency: 20 Hz 
I 	 I I I 1 I I 
1 2 
Frequency, kHz 
a n a l y s i s  of t es t  noise  14;  b a n d w i d t h  equals 4 Hz. 
c 
E co 

Impulse parameters 
No. of sine waves: 1 
10 dB Frequency of sine waves: 200 Hz 
t Impulse repetition frequency: 8 Hz 
Relativ 
level 
d 

H 
x 
.5 1 
Frequency, kHz 
F i g u r e  A39.- Nar row-band  a n a l y s i s  of t e s t  n o i s e  13; b a n d w i d t h  e q u a l s  2 Hz. 
t 
10 dB 
J. 
Relativt 
level 
I I I 
Figure A40. - Narrow-band 
Impulse parameters 

No. of sine waves: 3 

Frequency of sine waves: 200 Hz 

Impulse repetition frequency: 8 Hz 
I I I I I I I 
.5 1 
Frequency, kHz 
a n a l y s i s  o f  t e s t  no i se  29; bandwidth e q u a l s  2 Hz. 
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NOISE EXPERIMENT MATERIAL 
I n  t h i s  appendix  are p resen ted  c o p i e s  o f  t h e  i n s t r u c t i o n s  g iven  t o  t h e  sub­
jec t s ,  t h e  v o l u n t a r y  consen t  form t h e  s u b j e c t s  were r e q u i r e d  t o  s i g n ,  and the  
r a t i n g  s h e e t  which t h e  s u b j e c t s  used t o  r eco rd  t h e i r  annoyance r a t i n g s  f o r  each 
n o i s e .  
INSTRUCTIONS 
The experiment  you are p a r t i c i p a t i n g  i n  today  i s  t o  h e l p  Maximum g 
us unders tand  peop le ' s  r e a c t i o n  t o  h e l i c o p t e r  n o i s e .  You w i l l  annoyance
l i s t e n  t o  a ser ies  of n o i s e s  and g i v e  a r a t i n g  f o r  each o f  t h e  
n o i s e s  - how annoying,  n o i s y ,  o r  o b j e c t i o n a b l e  i s  each n o i s e .  
You w i l l  be  l i s t e n i n g  t o  two n o i s e  s e s s i o n s .  Each w i l l  
last  approximate ly  20 min,  d u r i n g  which you w i l l  h ea r  a ser ies  7
o f  s h o r t  b u r s t s  o f  n o i s e ,  s e p a r a t e d  by a l o n g e r  p e r i o d  o f  
s i l e n c e .  During t h e  s i l e n t  p e r i o d s  between each n o i s e ,  p l e a s e  
r eco rd  your judgment o f  t h e  preceding  n o i s e ,  u s i n g  a scale 6 
l i k e  t h e  one i l l u s t r a t e d  here .  
You see  t h a t  t h e  scale works l i k e  a thermometer.  A n o i s e  5 
t h a t  is not  annoying,  n o i s y ,  o r  o b j e c t i o n a b l e  would go  a t  t h e  
bottom o f  t h e  thermometer.  The maximum o f  these  q u a l i t i e s  i s  
a t  t h e  t o p .  I n  between these ex t remes ,  t he re  are e q u a l  i n t e r - 4 
v a l s  for  n o i s e s  t h a t  you judge  t o  be  between z e r o  and maximum. 
After you have heard a n o i s e ,  please make a mark on t h e  t h e r -
mometer t o  show how n o i s y ,  annoying,  o r  o b j e c t i o n a b l e  you 
thought  t h e  n o i s e  was. The re  are no r i g h t  o r  wrong answers ;  
we  want a measure o f  your pe r sona l  r e a c t i o n  t o  each o f  t h e  
n o i s e s .  2 
Your p a r t i c i p a t i o n  i n  t h i s  experiment  i s  v o l u n t a r y ,  so  
you are free t o  w i t h d r a w  a t  any t ime. If you wish t o  s t o p  t h e  1 
n o i s e s  f o r  any r e a s o n ,  you may do so  by p r e s s i n g  t h e  r e d  a b o r t  
bu t ton  on t h e  s i d e  of t h e  s u b j e c t s ' s  c h a i r .  No 
annoyance 0 
Thank you f o r  h e l p i n g  u s  i n  t h i s  i n v e s t i g a t i o n .  
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VOLUNTARY CONSENT FORM FOR SUBJECTS FOR HUMAN RESPONSE TO 
AIRCRAFT NOISE AND .aRATION 
I unders tand  t h e  purpose o f  t h e  r e s e a r c h  and t h e  t echn ique  t o  be used ,  
i n c l u d i n g  my p a r t i c i p a t i o n  i n  t h e  r e s e a r c h ,  a s  exp la ined  t o  me by t h e  P r i n c i ­
p a l  I n v e s t i g a t o r  ( o r  q u a l i f i e d  d e s i g n e e ) .  
I do v o l u n t a r i l y  consen t  t o  p a r t i c i p a t e  as a s u b j e c t  i n  t h e  human response  
t o  a i rc raf t  n o i s e  experiment  t o  be  conducted a t  NASA Langley Research Center  
on 
date  
I unders tand  t h a t  I may a t  any time withdraw from t h e  experiment  and t h a t  
I am under no o b l i g a t i o n  t o  g i v e  r e a s o n s  f o r  withdrawal  o r  t o  a t t e n d  aga in  f o r  
expe r imen ta t ion .  
I under take  t o  obey t h e  r e g u l a t i o n s  o f  t h e  l a b o r a t o r y  and i n s t r u c t i o n s  of 
t h e  P r i n c i p a l  I n v e s t i g a t o r  r e g a r d i n g  s a f e t y ,  s u b j e c t  o n l y  t o  my r i g h t  t o  w i t h ­
draw d e c l a r e d  above.  
I aff i rm t h a t ,  t o  my knowledge, my s t a t e  o f  h e a l t h  h a s  no t  changed s i n c e  
t h e  time a t  which I completed and s igned  t h e  medical  r e p o r t  form r e q u i r e d  f o r  
my p a r t i c i p a t i o n  as a t e s t  s u b j e c t .  
s i g n a t u r e  o s  s u b j e c t  
51 
RATING SHEET 

Name I I I r v  
Date a.m./p.m. 

Sheet no. 111 Iv I1 

a 
Maximum 9 9- 9- 9- 9 F  9- 9- 9- 9-annoyance 
8 - 8 - 8 - 8 - 8 - 8 - 8 - 8 -
7 - 7 7 7 7 7 7- 7 
1 
I 
I 
u6 - 6- 6 w  6k 6 - 6 r  6 c  H 
I I X 
m 
5 c  51 5 - 5 - 5 e  5 - 5 ­
! 
I 
4 t  4 - 4 r  4 b  4 c  4 +  4 r  4 r  
! 
i 
3r 3 - 3 1  3 f  3 r  3 - 3 -I 
I 
2r 21.. 2 ­
1k 
r No i 
I2 annoyance 0 L 
. 
NATIONAL AERONAUTICS A N D  S P A C E  ADMINISTRATION 

WASHINGTON. D.C. 20546 

P O S T A G E  A N D  FEES P A I D  
N A T I O N A L  AERONAUTICS A N D  
OFF1C I AL B U S I N ESS SPACE A O M  IN ISTRATION 
PENALTY FOR PRIVATE USE I300 SPECIAL FOURTH-CLASS RATE 451 
USMAIL 
BOOK 
014 0 0 1  C1 U H 7701C7 S00303DS 
DEPT OF THE aIR FORCE 
.9P WEAPONS LIBCFBTCIPY 
ATTN: T E C H N I C A L  LIBFF F Y  (SUL) 
KIRTL.AV!D A?’!! ??M 87117  
: 	 If Undeliverable (Section 158 
Postal Manual) Do Not Return 
“The aeronautical and space activities of the United States shall be 
conducted so as to  contribute . . . to  the expansion of human knowl­
edge of phenomena in the atmosphere and space. T h e  Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof.” 
-NATIONAL AERONAUTICSAND SPACEACT OF 1958 
NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and 
technical information considered important, 
complete, and a lasting contribution to existing 
knowledge.
I 
TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 
TECHNICAL MEMORANDUMS: 
Information receiving limited distribution 
because of preliminary data, security classifica­
tion, or other reasons. A,Is0 includes conference 
proceedings with either limited or unlimited 
distribution. -
CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA. 
contract or grant and considered an important 
contribution to existing knowledge. 
Details on the availability of these 
TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 
SPECIkZ. PUBLICATIONS: Information 
derived from or of value to NASA activities. 
Publications include final reports of major 
projects, monographs, data compilations, 
handbooks, sourcebooks, and special 
bibliographies. 
TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other-non-aerospace 
applications. Publications include Tech Briefs, 
Technology Utilization Reports and 
Technology Surveys. 
publications may be obtained from: 
’ SCIENTIFIC AND TECHNICAL INFORMATION OFFICE 
N A T I O N A L  A E R O N A U T I C S  A N D  SPACE A D M I N I S T R A T I O N  
Washington, D.C. 20546 
